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figures and describes several of the Chelonia and other 
reptiles which come from the same locality. 

The above notice of the results arrived at by American 
men of Science show that they deserve the careful study of 
English palasontolologists and geologists, as they have 
already thrown great light on the fauna of the Tertiary 
period, and give promise of adding much more to our 
knowledge of that epoch, so important to the student of 
the anatomy and classification of the higher vertebrata. 

OUR BOOK SHELF 

The Laboratory Guide, a Manual of Practical Chemistry 
for Colleges and Schools, specially arranged for Agri¬ 
cultural Students. By Arthur Herbert Church, M.A. 
(London : Van Voorst, 1874). 

Teachers of chemistry will be glad to welcome the 
third edition of Prof. Church’s “ Guide,” to which much 
new matter has been added. Being specially adapted for 
students of agricultural chemistry, the book is necessarily 
somewhat limited in its scope, but the amount of informa¬ 
tion conveyed within the small compass of 215 pages is very 
great, and is moreover lucid and accurate. The book is 
divided into three portions, the first treating of a chemical 
manipulation, the second of qualitative analysis, and the 
third of quantitative analysis. The author’s preliminary 
remarks upon manipulation are excellent, and should be 
graven upon the mind of every chemical student. In the 
“ Introduction ” we are told that the student “ must never 
forget that the experiment is the means, not the end. 
.... Merely to make a coloured precipitate or a flash 
of bright flame is not the end of experimenting.” 

These remarks are much to the purpose, and we 
commend them to the notice of chemists of older growth, 
as well as to beginners. The sudden introduction of 
equations on p. 8 without any previous explanation of 
the meaning of symbolic formula appears somewhat 
unsystematic, but the student is recommended by Prof. 
Church to attend some course of lectures on inorganic che¬ 
mistry, and to study the corresponding chapters in 
Roscoe’s Chemistry, at the same time that he is working 
through the “ Guide.” As the “ Guide ” is at present 
arranged, the student will find this absolutely necessary. 
The classification of the metals adopted by the author 
calls for remark—iron and manganese are classed as 
dyads and aluminium as a triad. Further on it is ex¬ 
plained that this last metal is only a pseudo-triad, being 
in reality a tetrad. Why not class it with the tetrads at 
once ? Hexad metals and pentad metals are ignored 
altogether, although maDganese forms a hexafluoride, 
arsenic, and antimony, penta-haloid compounds, &c. We 
must protest also against the use of the words “ vinculant,” 
“ vinculance,” “ univinculant,” &c. No advantage is 
likely to accrue to the science from this new phraseology, 
and the terms “atomicity,” “monatomic,” “ diatomic,”&c., 
which are in general use, express the idea perfectly. The 
tables for qualitative analysis differ but little from those 
generally adopted. The quantitative processes for the 
analysis of natural products, soils, foods, &c., will be found 
very useful. In addition to the direct benefit arising from 
the issue of books like the present, there is an indirect 
benefit for which we ought to be also indebted to Prof. 
Church—we refer to the expulsion from the market of 
hastily compiled and inaccurate works by so-called 
“Science Teachers,” such as it has been our duty to 
condemn on former occasions. 


LETTERS TO THE EDITOR 

[ The Editor does not hold himself responsible for opinions expressed 
by his correspondents. No notice is taken of anonymous 
communications. ] 

Prof. Tait and Mr. Spencer 

As is shown by the passage from his Thermodynamics which 
he re-quotes, Prof. Tait holds that “Natural philosophy is an 


experimental, and not an intuitive science. No h priori rea¬ 
soning can conduct us demonstratively to a single physical 
truth.” 

I hold, on the contrary, that as there are d priori mathe¬ 
matical truths, the consciousness of which results, not from our 
individual experiences, but from the organized and inherited 
effects of ancestral experiences, received throughout an immeasur¬ 
able past; so are there dpriori physical truths, our consciousness 
of which has a like origin. 

I have endeavoured to show that Prof. Tait himself, by saying 
of physical axioms that the appropriately-cultivated intelligence 
sees “at once” their “necessary truth,” tacitly classes them 
with mathematical axioms, of which this self-evidence is also the 
recognised character. Further, I have contended that the laws 
of motion are d priori truths of this kind ; are enunciated by 
Newton as such ; are adopted from him by Prof. Tait ; and are 
not furnished by Prof. Tait with any such experimental proofs as 
he asserts are needful for the establishment of physical truths. And 
I have gone on to show that no experimental proofs of them are 
possible—that every supposed proof, whether derived from terres¬ 
trial phenomena or from celestial phenomena, involves a petitio 
principii. 

In the course of the discussion I have examined the reason 
Prof. Tait gives for asserting that the laws of motion are 
not to be accepted as valid d priori. The reason is that “ as the 
properties of matter might have been such as to render a totally 
different set of laws axiomatic, these laws must be considered as 
resting on convictions draco n from obsrniation and experiment , 
and not on intuitive perception. ” 

The worth of this reason I have tested by asking the origin 
of Prof. Tait’s professed knowledge that “the properties of 
matter might have been ” other than they are. Here is the 
passage : — 

“ It will suffice if I examine the nature of this proposition that 
‘the properties of matter might have been' other than they are. 
Does it express an experimentally-ascertained truth ? If so, I 
invite Prof. Tait to describe the experiments. Is it an intuition ? 
If so, then along with doubt of an intuitive belief concerning 
things as they are, there goes confidence in an intuitive belief 
concerning things as they are not. Is it an hypothesis ? If so, 
the implication is that a cognition of which the negation is in¬ 
conceivable (for an axiom is such) may be discredited by inference 
from that which is not a cognition at ali, but simply a supposi¬ 
tion. Does the reviewer [a critic whose attack I was answering] 
admit that no conclusion can have a validity greater than is 
possessed by its premises ? or will he say that the trustworthiness 
of cognitions increases in proportion as they are the more in¬ 
ferential ? Be his answer what it may, I shall take it as unques¬ 
tionable that nothing concluded can have a warrant higher than 
that from which it is concluded, though it may have a lower. 
Now the elements of the proposition before us are these :— As 
‘ the properties of matter might have been such as to render a 
totally different set of laws axiomatic ’ \ihercCore\ ‘ these laws 
[now in force] must be considered as resting . . . not on intui¬ 
tive perception : ’ that is, the intuitions in which these laws are 
recognised, must not be held authoritative. Here the cognition 
posited as premiss, is that the properties of matter might have 
been other than they are; and the conclusion is that our intui¬ 
tions relative to existing properties are uncertain. Hence, if 
this conclusion is valid, it is valid because the cognition or intui¬ 
tion respecting what might have been, is more trustworthy than 
the cognition or intuition respecting what is ! Scepticism re¬ 
specting the deliverances of consciousness about things as they 
are is based upon faith in a deliverance of consciousness about 
things as they are not! ” 

From this passage Prof. Tait has quoted a small part 
which, standing by itself, appears somewhat strange ; but which 
ceases to appear strange when read along with the rest. I11 
seeking the authority which Prof. Tait has for asserting that 
“the properties of matter might have been” other than they 
are, I have tried all possible suppositions ; and as he professes 
to have faith only in experimentally-ascertained truths, I have 
asked whether this is one ; by way of showing, unmistakeably, 
that in the absence of experimental warrant he must admit it to 
be, if not a mere hypothesis, then an intuition. Whence results 
the incongruity I have pointed out. 

Prof. Tait says this argument of mine reminds him of a student 
whose conceptions of algebraic processes were shown by asking— 
“But what if x should turn out after all not to be the unknown 
quantity ? ” His imagination suggests to Prof. Tait an analogy 
too remote for me to perceive ; and one which X think few will 
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lollow him in perceiving. It seems to me that in this case * ‘ the 
unknown quantity” is the application of his story. 

I have to add that Prof. Tait’s letter gives the erroneous im¬ 
pression that I have made a gratuitous assault upon his views. 
Contrariwise, I have said respecting them no more than is need¬ 
ful in self-defence. A critic who thought me greatly in need of 
instruction respecting the nature of proof and the warrants we 
have for our ultimate scientific beliefs, quoted, for my benefit, the 
foregoing passage from Prof. Tait; and he did this in a manner 
implying that when he had told me what Prof. Tait said, there 
remained for me no alternative but to abandon my position. As 
I did not coincide in his general estimate of Prof. Tail’s dicta , 
and as this particular question is one of some philosophical inte¬ 
rest, I thought it worth while to justify my own belief, and, in 
so doing, was obliged to assail that of Prof. Tait. 

In Prof. Tait’s desire to avoid controversy I quite sympathise. 
Though sometimes scarcely avoidable, it entails, as I know too 
well, a grievous loss of time. But as Prof. Tait decided not to 
answer, I think it would have been better to keep silence abso¬ 
lutely, rather than to try and dispose of the matter by tearing a 
sentence from its context, and telling, a propos of it, a story not 
to the point. 

Athengeum Club, March 30 PIerbert Spencer 


Herbert Spencer versus Sir I. Newton 

Prof. Tait is not the only one who has to complain of hard 
treatment in the pamphlet by Mr. Herbert Spencer, referred to 
in the Professor’s letter of last week. As the unlucky author of 
the obnoxious criticism that gave rise to the pamphlet in question, 
I of course come in for a lion’s share of the abuse ; but neither 
Prof. Tait nor myself are, after all, treated so cruelly as is New¬ 
ton, who, though his life was spent in maintaining the experi¬ 
mental character of all physical science, is cited as an authority 
for the a pi'iori character of the most important of all physical 
truths—the well-known Three Laws of Motion. 

Mr. Spencer had asserted that these Laws of Motion are 
a priori truths, and had supported this statement by alleging 
that Newton gave no proof of them, and therefore intended 
them to be so regarded. After sheltering myself under the au¬ 
thority of Professors Tait and Thomson, I answered that “the 
whole of the Piincipia was the proof,” whereon Mr. Spencer 
replies as follows :— 

“1 have first to point out that here, as before, the reviewer 
escapes by raising a new issue. I did not ask what he thinks 
about the Principia and the proof of the laws of motion by it ; 
nor did I ask whether others, at this day, hold the assertion of 
these laws to be justified mainly by the evidence the solar 
system affords. I asked what Newton thought. The reviewer 
had represented the belief that the second law of motion is know- 
able d priori as too absurd even for me openly to enunciate. I 
pointed out that since Newton enunciates it openly under the 
title of an axiom, and offers no proof whatever of it, he did ex¬ 
plicitly what I am blamed for doing implicitly. And thereupon 
I invited the reviewer to say what he thought of Newton. In¬ 
stead of answering, he gives me his opinion to the effect that the 
laws of motion are proved true by the truth of the Principia de¬ 
duced from them. Of this hereafter. My present purpose is to 
show that Newton did not say this, and gave every indication of 
thinking the contrary. He does not call the laws of motion 
‘ hypotheses he c ills them ‘ axioms.’ He does not say that he 
assumes them to be true provisionally , and that the warrant for 
accepting them as actually true will be found in the astronomi¬ 
cally-proved truth of the deductions. He lays them down just 
as mathematical axioms are laid down—posits them as truths to 
be accepted h prioi-ij from which follow consequences which 
must therefore be accepted. And though the reviewer thinks 
this an untenable position, I am quite content to range myself 
with Newton in thinking it a tenable one—if, indeed, 1 may say 
so without undervaluing the reviewer’s judgment.” 

To the sneer in the last sentence, and the remark that follows 
to the effect that the reviewer had evaded an issue “ which it was 
inconvenient for him to meet,” I shall reply by recommending Mr. 
Spencer to dogmatise either less elaborately or less rashly about 
the views of a philosopher like Sir I. Newton, whose works are 
so accessible and whose style is so clear, and at once pass on 
to call his attention to two passages in Newton’s letters to Roger 
Cotes, who was at the time superintending the printing of the 
Principia. 

In speaking of the special sense in which he used the word 


“hypothesis”—a sense which quite justified him in saying of 
himself “ hypotheses non fingo ”—Newton says :— 

“ In experimental philosophy it is not to be taken in so large 
a sense as to include the first Principles or Axiomes which I cah 
the laws of Motion . These Principles are deduced from pheno¬ 
mena and made general by Induction, xvhich is the highest evidence 
that a Proposition can have in this Philosophy (Letter Ixxxi., 
edited by Edleston.) 

And in the next letter he says :— 

“On Saturday last I wrote to you representing that Experi¬ 
mental philosophy proceeds only upon Phenomena and deduces 
general Propositions from them only by Induction. And such 
is the proof of mutual attraction. And the arguments for y e 
impenetrability, mobility, and force of all bodies, and for the 
laws of motion are no better. ” 

I must confess to feeling a difficulty in reconciling the above 
extracts with the view that Newton posits the laws of motion 
“as truths to be accepted dpriori 

The Author of the Article in the 

British Quarterly Review, 


An Experiment on the Destructive Effect of Heat upon 
the Life of Bacteria and their Germs 

I recently carried out an experiment which I shall not soon 
have the opportunity of repeating, and which I am consequently 
j anxious to put on record. It is probably now familiar to those 
interested in the matter, that the experiments of Dr. Sanderson 
have established the fact that in an infusion of turnips and cheese 
prepared as directed by Dr. Bastian, heating to a temperature 
of 102 C. is sufficient to prevent the subsequent development of 
life (Bacteria) in the infusion even when the exposure to that 
temperature is only maintained for a few minutes. Boding for 
five or ten minutes, according to Dr. Sanderson, is not sufficient 
to prevent the subsequent development of Bacteria, but accord¬ 
ing to the experiments of Dr. Pode and myself, boiling for ten 
minutes or a quarter of an hour is sufficient, provided that care 
has been taken to exclude visible lumps of cheese, and when the 
infusion is enclosed in a tube which tube is submerged in boiling 
water. Further, Dr. Sanderson has stated the following most 
important result, namely, that exposure to the boiling tempe¬ 
rature (ioo° C.) was in all cases sufficient to prevent the subse¬ 
quent development of Bacteria if it was carried on for so long as 
one hour. 

This being the case, it occurred to me that since in all pro¬ 
bability Bacteria and their germs, or spores, are killed by 
through-heating to a temperature a little below' 7°° U- (as 
established by various experiments in regard to Bacteria, 
but not in regard to possible germs, and admitted by both 
sides in the controversy as to their biogenetic or abiogenetic 
origin), it is desirable to recognise in our experiments the 
two distinct factors of this through-heating to any given tem¬ 
perature—namely, (1) the temperature to which the infusion 
to be heated is to be exposed ; and (2) the length of time during 
which it is exposed to that temperature. If one of these vari¬ 
ables—the time—be taken as a horizontal, and this line be 
divided into equal spaces representing periods of five minutes— 
whilst the perpendicular represents the range of temperature 
divided into degrees from 65° C. to 120° C—and if the results 
of observations with a given infusion indicating the time of 
exposure to a particular degree of temperature required in order 
to prevent the subsequent development of Bacteria be marked 
off on such a scheme, we should expect to obtain a series of 
points defining an asymptotic curve, the time required at the 
highest temperature being infinitely small, and at the lowest 
temperature infinitely great. This curve 'would vary in its 
character according to the properties of the infusion made use of. 
It was my intention to determine the principal points in this 
curve for Dr. Bastian’s turnip and cheese infusion, but at pre¬ 
sent I have only made a tentative experiment at a low tempe¬ 
rature. Using tubes of quarter-inch bore and three inches in 
length half filled with Dr, Bastian’s infusion, and then submerged 
in water maintained at the desired temperature, I found that 
exposure for six hours to a temperature of 75° C. was sufficient 
to prevent the subsequent development of Bacteria. The same 
infusion enclosed in a similar tube and not heated at all, teemed 
with living Bacteria after four days ; the same infusion boiled for 
ten minutes in an open tube remained barren. I submit this 
plan for a series of experiments to the readers of Nature, 
without attaching much importance to the single but definite 
result which is above recorded. 
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